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(54) Electrical impedance tomography system 

(57) An electrical impedance tomography system 
for measuring electrical impedances of an internal body 
section of a patient (1 ) is provided. The system includes 
an electrode array (4a. .n) locatable in electrical contact 
with an external surface of the patient (1) and a data 
processor (6) for processing the measured electrical im- 



pedances and for outputting for display an electrical im- 
pedance tomographic representatbn of the body sec- 
tion dependent thereon. The system further comprises 
a means (7,9) for providing a physical image illustrative 
of the body section for use by the data processor (6) in 
generating for display a superposed combination of the 
physical image and the representation. 
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Description 

[0001] The present invention relates to an electrical 
impedance tonrvDgraphy system and in particular to one 

used in the medical field for generating images of inter- 
nal body material and structures dependent on their 
electrical properties. 

[0002] Monitoring the status of the respiratory system 
of patients is regularly undertaken in hospitals, especial- 
ly in intensive care units where patients may be connect- 
ed to mechanical ventilators for extended periods. Typ- 
ically airflow at the mouth is measured to provide a con- 
tinuous non-invasive monitoring of pulmonary mechan- 
ical parameters while chest x-ray images provide infor- 
mation on the movement of fluid within the lungs. How- 
ever, in order to minimise the exposure of the patient to 
potentially damaging x-ray radiation x-ray images can 
only be taken sparingly. 

[0003] Electrical Impedance tomography (EIT) is a 
technique for non-invasively measuring electrical im- 
pedances of internal body material and structures, for 
example the lungs, to provide an electrical impedance 
image of the body structures of interest. Studies by Alder 
et al [IEEE Transactions on Biomedical Engineering Vol. 
43 No 4. April 1996 pp 414-420] show that EIT may be 
used to generate images of the conductivity distribution 
within the lungs in order to monitor lung ventilation, per- 
fusion and fluid content. As no potentially damaging ra- 
diation is used to generate the images such EIT moni- 
toring may be carried out continuously throughout the 
treatment of the patient. 

[0004] One EIT system that is capable of providing 
such impedance images of lungs or other internal body 
structures or body material is described in US 461 7939 
and comprises typically sixteen or more surface elec- 
trodes positionable at known intervals on the surface of 
patient to define a plane through the body of the patient 
in which a two-dimensional (2-0) electrical impedance 
image will be generated. Means are also provided for 
applying an electrical potential between pairs of elec- 
trodes in turn and for measuring the potentials that are 
induced between all other pairs of electrodes as a con- 
sequence of the applied potential. A processing unit and 
operably connected display unit are provided to process 
the measured potentials and to display the two-dimen- 
sional Impedance image of the body section. Modifica- 
tions to this basic EIT system are disclosed by Metherall 
et al ["Three-dimensional electrical impedance tomog- 
raphy". Letters to Nature. Nature Vbl. 380, 11 April 1996, 
pp 509-512] which allow three-dimensional impedance 
images to be constructed and displayed by increasing 
the number of electrodes and arranging them to define 
a three-dimensional (3-D) volume. 
[0005] Unfortunately, the images that are generated 
by both 2-D and 3-D EIT systems are of relatively low 
spatial resolution and are often difficult to interpret and 
to correlate with the physical structure in which the im- 
pedances originated. 



[0006] It is an aim of the present invention to provide 
an EIT tomography system in which the problem of im- 
age interpretation and correlation associated with 
known devices is at least alleviated. 

5 [0007] This is achieved bythe system according to the 
present claim 1 . Thus by providing an EIT system which 
processes a conventionally obtained EIT image and a 
physical image in order to generate a superposed com- 
bination of the two images a visual correlation between 

10 the physical structure and the EIT image is made auto- 
matically. This also makes the visual interpretation of 
EIT images more easy. The physical image may be ob- 
tained, for example, by computer generation or by using 
a conventional physical imaging system, such as an x- 

75 ray system; a computer aided tomography system; a 
magnetic resonance imaging system; or an ultrasonic 
imaging system and may even be a 'template image' 
representative of a typical image of the region of Inter- 
est. 

20 [0008] A conventional physical imaging system may 
therefore be usefully incorporated into the EIT system 
and used to generate physical images of the actual pa- 
tient, thereby enabling a more accurate transposition to 
be made. 

25 [0009] When imaging an internal body structure 
whose physical properties, such as shape, size or posi- 
tion, may vary cyclically with time, such as will occur for 
instance with a heart during a cardiac cycle and lungs 
during a breathing cycle, it is useful to provide a number 

30 of different physical image reflecting these variations. 
An EIT image may then be superposed with one of the 
physical Images selected to be closest in position in the 
relevant physiological cycle to the EIT image. Alterna- 
tively, the EIT image may be generated cyclically at the 

35 frequency of the relevant physiological cycle and the 
physical image taken at the same point in that cycle. In 
these ways a more accurate interpretation and correla- 
tion of a particular EIT image may be made since both 
the physical image and the EIT image will reflect sub- 

40 stantially the same cyclically induced physical variations 
in the structure or body region of interest. 
[0010] An embodiment of the present invention will 
now be described, by way of examples only, with refer- 
ence to the drawings of the accompanying figures of 

^5 Which 

[0011] Figure 1 shows a schematic representation of 
an EIT system according to the present invention. 
[0012] Figures 2 show a) a stylised representation of 
an EIT image generated by the system of Figure 1 and 

50 b) a stylised representation of a display of a combined 
image generated by the system of Figure 1 . 
[0013] It is known from US 5,433,1 98 to provide a vis- 
ual output of a physical image of the heart onto which is 
superposed the location of a physical anomaly or the 

ss location and/or representation of a catheter. A similar 
image output modality is also described in WO 
96/31753, in which there is also described a computer 
algorithm for generating the same. Both publications, 
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the contents of which are contained herein by reference, 
disclose that it is advantageous to superimpose a loca- 
tion of an object within an internal body structure on a 
physical image of that body structure. However, neither 
publication describes a system of the present invention 
in which a superposed combination of a first image of 
an Internal body structure or region, generated using 
one technique, and a second image of the same body 
structure or region, generated using a different tech- 
nique, is provided to aid the interpretation of one or other 
of the images. US 5.433. 1 98 and WO 96/31 753 do how- 
ever illustrate that algorithms for superposing visual da- 
ta in order to provide a combined image are known to 
or may be readily generated by those skilled in the art 
and are therefore not described In detail herein. 
[0014] Referring now to Figure 1 , a patient 1 is shown 
connected to a mechanical ventilator 2 via a face mask 
3. An EIT system according to the present invention is 
also connected to the patient 1 . This EIT system com- 
prises an array of electrodes 4a.. n. typically 16 elec- 
trodes, mounted on a belt 5 so as to form a ring about 
the patient 1 when in use. When the belt 5 is located 
about the chest of the patient 1. as shown in Figure 1, 
a tomographic section including the lungs may be gen- 
erated using the electrode array 4a.. n. Also Included 
within the EIT system is a microprocessor unit 6, having 
integral therewith a digital data store 7; a display unit 8; 
a conventional X-ray Imaging system 9 and an EIT data 
acquisition system 10. Typically the unit 6 and store 7 
can be realised within a conventional personal computer 
In which its hard disk or its random access memory may 
be used as the data store 7 dependant largely on wheth- 
er permanent or temporary storage is required. 
[0015] The EIT data acquisition system 10 comprises 
electrical signal generation and measurement electron- 
ics which are operably connected to the electrodes 4a.. 
n on the belt 5. The acquisition system 10 is configured 
to operate in a known manner to successively apply a 
low amplitude: alternating current across pairs of elec- 
trodes and to measure the voltage differences produced 
between each of the remaining pair combinations 
formed by the remaining electrodes in the array 4a..n. 
The measured voltages are passed to the microproces- 
sor unit 6 where an EIT representation, either a so- 
called "static" or "dynamic" representation: is generated 
in the known manner to provide a cross sectional EIT 
image of the lungs. It will be appreciated that the EIT 
system described may be used to generate an image of 
various internal body structures, dependent on where 
the belt 5 is located on the patient 1. 
[0016] The X-ray Imaging system 9, for example a 
conventional computer aided tomography (CAT) sys- 
tem, is orientated to provide relatively highly detailed X- 
ray images of the lungs, or relevant part thereof, corre- 
sponding to the body section Imaged using the electrode 
array 4a.. n. These physical Images are digitised and 
transmitted to the digital data store 7 of the microproc- 
essor unit 6. The images are taken at various known 



points throughout a breathing cycle of the patient 1 and 
information on these points are also stored In associa- 
tion with the X-ray images. The information on these 
points may conveniently be obtained from a control 

s processor (not shown) that is conventionally used to 
control the operation of the ventilator 2. Although an x- 
ray Imaging system 9 is employed in this embodiment 
any physical imaging system, such as an ultrasound or 
a magnetic resonance innaging system may be substi- 

w tuted. 

[0017] The microprocessor unit 6 is adapted to gen- 
erate a combined image 11 , as shown in Figure 2b, con- 
sisting of a transposition of the EIT representation of the 
lungs 12, which was obtained as previously described 
at a known point in a patient's breathing cycle (informa- 
tion on this point being obtained from the ventilator 2 in 
the same manner as described above for the X-ray im- 
ages), and an X-ray image 13, retrieved from the data 
store 7 and selected as being the physical Image of the 
20 lungs closest in time in the breathing cycle to the EIT 
representation 12. 

[0018] Figure 2a shows a schematic of an EIT repre- 
sentation 12, generated using the electrode array 4a.. 
n. In this figure, and Figure 2b, the different shading 

2S within the EIT image 12 is' used to indicate regions of 
different impedances as measured using the electrode 
array 4a.. n. 

[0019] Considering Figure 2a, this image shows the 
impedance image of the left lung 12LL, the right lung 

30 1 2RL and of the heart 1 2H and Illustrates that the central 
portions of each lung are less conductive (higher imped- 
ance) than other portions. This indicates that a gas is 
present within the lungs. Moreover, the areas with high- 
er conductance (lower impedance) typically indicate ei- 

35 ther an increase in fung tissue (useful in Identifying at- 
electactic areas) or a confluence of liquid in the area. 
From a functional point of view these areas of higher 
conductance will not be able to take part in the gas ex- 
change process of the lungs. By monitoring these areas 

-fo throughout medical Intervention (in this embodiment 
mechanical ventilation using the ventilator 2) the effica- 
cy of the intervention can be reviewed and the interven- 
tion fTKxiified as necessary. 

[0020] It is dlffk;utt to fully visualise the physrcal inter- 
-^5 nal body structures that are represented in this EIT Im- 
age 12 and so correctly interpret the information con- 
tained In the EIT image 1 2. This is particularly true when 
trying to identify the boundaries between the lungs 
1 2RL, 1 2LL and other body tissue, for example the heart 
50 12H. and also when trying to diagnose the cause of the 
area of low Impedance within the region of the right lung 
12RL. However, considering now Figure 2b a super- 
posed combination 11 of an X-ray image 13 and the EIT 
image 1 2 is shown. Clearly recognisable X-ray images 
55 of the spine 1 3S and the ribs 1 3R are shown which helps 
a user associate the body region illustrated by the com- 
bined image 1 1 with the patient 1 . Also shown are X-ray 
images of the left lung 13LL, right lung 13RL and the 
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heart 1 3H. It can be seen that the region of low imped- 
ance within the right lung 12RL does not lie at the ex- 
tremity of the lung, towards the spine, as illustrated by 
the x-ray image 13RL. This would tend to Indicate that 
this low impedance region is probably not caused by liq- 5 
uid (which because of gravity would tend to pool at the 
lung extremity) but rather is caused by a localised region 
of collapse. This allows a suitable treatment to be more 
rapidly chosen, the effect of which may be monitored 
from changes in the EIT image 12RL. io 
[0021] Preferably the combined image of Figure 2b, 
generated using the microprocessor 6 and displayed on 
the unit 8 is colour coded wherein the different shadings 
of Figure 2b are replaced by specific colours denoting 
different ranges of impedance values. Indeed, as an al- is 
ternative, the microprocessor 6 may be programmed to 
show only those regions of the EIT image where meas- 
ured electrical impedances lie outside predetermined 
limits. This may more clearly highlight physical regions 
of interest and more quickly alert a physician to a risk to 20 
a patient's health. 

[0022] As an alternative the physical images may 
have been stored in the data store 7 prior to the use of 
the EIT system and may have been obtained either from 
the patient 1 or from another subject, in which case the 2s 
images represent generic "template" images of the 
lungs. Moreover, a further alternative would be that the 
microprocessor unit 6 originates its own "computer gen- 
erated" template images which illustrate the lungs from 
an algorithm which may readily be constructed by those so 
skilled in the art using a knowledge of human anatomy 
and of the location of the belt 5 on the patient 1. This 
last alternative may be useful where it is necessary only 
to identify, with some degree of certainty, that a certain 
portion of the EIT representation is probably an image 3S 
of the lungs or whether it is of some other anatomical 
feature. 

[0023] Where the processor unit 6 is to use previously 
stored physical images or microprocessor generated 
images then clearly the X-ray imaging system 9 may be 40 
omitted. 

[0024] Furthermore, If the size, shape or position of 
the body structure which is to be imaged does not alter 
with time, or if impedance measurements are made (and 
therefore impedance images generated) at the same 45 
point in a relevant physiological cycle, such as the 
breathing cycle or cardiac cycle, then it will be obvious 
to those skilled in the art that only one physical image 
needs to be stored in the digital data store 7. 
[0025] It will be appreciated by those skilled in the art so 
that although the above embodiment is described in re- 
lation to 2-D imaging techniques it may readily be ex- 
tended to 3-D imaging using known EIT imaging sys- 
tems and techniques while remaining within the scope 
of the invention as claimed. 55 



Claims 

1. An electrical impedance tomography system for 
measuring electrical impedances of an internal 
body section of a patient (1) comprising an elec- 
trode array (4a.. n) locatable in electrical contact 
with an external surface of the patient (1); means 
(10) for applying an electrical potential between 
pairs of electrodes and lor measuring consequen- 
tially generated electrical impedances between oth- 
er pair combinations of the electrode array (4a.. n); 
and a data processor (6) for processing the meas- 
ured electrical impedances and for outputting for 
display a representation ( 1 2) of the body section de- 
pendent thereon characterised in that the system 
further comprises a means (7.9) for providing a 
physical Image (13) illustrative of the body section 
for use by the data processor (6) to generate for dis- 
play a superposed combination (1 1 ) of the physical 
image (13) and the representation (12). 

2. A system as claimed in claim 1 characterised in 
that the means for providing a physical image com- 
prises a memory means (7) for digitally storing at 
least one physical image. 

3. A system as claimed in claim 1 or clairn 2 charac- 
terised in that the means for providing a physical 
image comprises an X-ray imaging system (9) 
adapted to generate the physical image (1 3) of the 
body section of the patient. 

4. A system as claimed in claim 1 or claim 2 charac- 
terised in that the means for providing a physical 
image (7) is adapted to provide a template image 
as the physical image. 

5. A system as claimed in claim 2 characterised in 
that the memory store (7) is adapted to store a plu- 
rality of different physical images obtained at differ- 
ent points in a physiological cycle and in association 
therewith information on the position of each point 
and in that the data processor (6) is adapted to se- 
lect an image from the different physical images for 
superposing in dependence of the associated posi- 
tion information. 
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